ing 9 different chronic pediatric conditions. Limited evidence to strong evidence was found for reliability in various chronic conditions. Strong evidence was found for positive criterion validity of the 6MWT with peak oxygen uptake in some populations, but negative criterion validity was found in other populations. Construct validity remained unclear in most patient groups because of methodological flaws. Little evidence was available for responsiveness and measurement error. Studies showed large variability in test procedures despite existing guidelines for the performance of the 6MWT.
Limitations. Unavailability of a specific checklist to evaluate the methodological quality of clinimetric studies on performance measures was a limitation of the study.
Conclusions.
Evidence for measurement properties of the 6MWT varies largely among chronic pediatric conditions. Further research is needed in all patient groups to explore the ability of the 6MWT to measure significant and clinically important changes. Until then, changes measured with the 6MWT should be interpreted with caution. Future studies or consensus regarding modified test procedures in the pediatric population is recommended.
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T he Six-Minute Walk Test (6MWT) is a self-paced walking test generally used to assess functional capacity in people with chronic conditions. The main outcome is the distance that a person can walk in 6 minutes. 1 The 6MWT was originally developed to measure the submaximal level of functional capacity in adult patients with moderate to severe heart or lung diseases and has been extensively used in other patient populations. [2] [3] [4] [5] [6] Because the test reflects an exercise level close to that of daily life activities, it is easy to administer, is well tolerated by patients, and is increasingly being used as a functional outcome measure for people with chronic conditions, including pediatric populations. For example, the 6MWT has been utilized as a functional outcome measure in recent intervention studies including children with mucopolysaccharidosis type 1, 7 Duchenne muscular dystrophy, 8 spina bifida, 9 and obesity. 10 Moreover, the 6MWT is increasingly being used and recommended in physical therapist practice. 11 To determine the suitability of the 6MWT as an appropriate functional outcome measure in the pediatric populations, however, knowledge of its measurement properties is needed with respect to the population of interest. The 6MWT's measurement properties include: (1) reproducibility and (2) validity.
Reproducibility refers to the degree of similarity between repeated measurements and reflects both reliability and agreement parameters. 12 Reliability comprises the proportion of the total variance in the measurements that is due to "true" differences among individuals and is expressed as the intraclass correlation coefficient (ICC). 13 Measurement error assesses the intraindividual variability between repeated measurements and often is expressed as the coefficient of variation (CV), the smallest detectable change (SDC) (also referred to as the minimal detectable change [MDC] ), and the limits of agreement (LoA).
Validity refers to the degree to which an instrument measures the construct it purports to measure and comprises hypothesis testing (construct validity), criterion validity, and responsiveness. Hypothesis testing refers to the degree to which the scores of an instrument are consistent with predefined hypotheses regarding relationships to scores of other instruments (convergent validity) or differences among relevant groups (discriminative validity). Criterion validity indicates the degree to which the scores of an instrument are an adequate reflection of a gold standard. Responsiveness reflects the ability of an instrument to detect change over time in the construct to be measured and is assessed by testing prespecified hypotheses about the relationship between the change scores of the instrument and changes in other measures. 13 Next to these statistical measurement properties, the minimal important change (MIC), also referred to as the minimal clinically important difference (MCID), is an important, but often overlooked, property. It refers to the smallest change that is considered relevant by patients and can be assessed both by methods focused on patient perspective and by statistical methods. 14 Knowledge about the MIC of an outcome measure in a specific patient group makes it possible to investigate whether the measurement error of an instrument is small enough to identify relevant changes.
Measurement properties of the 6MWT have been reported for various pediatric populations, but no systematic review has been performed on the methodological quality of these clinimetric studies. Consequently, the level of evidence for the quality of measurement properties and appropriateness of the 6MWT in chronic pediatric conditions is still unknown. Therefore, the aims of this systematic review were to determine the current level of evidence for the measurement properties of the 6MWT in chronic pediatric conditions and to give an overview of available measurement properties in different pediatric populations with a chronic condition. More knowledge on the reproducibility and validity in relation to the MIC of the 6MWT will enable the clinician to determine in which pediatric conditions and for what purpose the 6MWT is appropriate to use in his or her daily physical therapist practice.
Method Data Sources and Searches
A search was performed up to February 2012 in MEDLINE, EMBASE, CINAHL, PEDro, and SPORTDiscus. In PubMed, a validated search filter for finding studies on measurement properties was applied. 15 The full search strategy is described in eAppendix 1 (available at ptjournal.apta. org).
Study Selection
The selection of the articles was independently performed by 2 reviewers (B.B. and J.F.dG.). The following inclusion criteria were used: (1) the aim of the study was to develop or evaluate measurement properties of the 6MWT, and (2) the 6MWT was evaluated in children with chronic conditions.
Available With This Article at ptjournal.apta.org
Childhood obesity was considered a chronic condition, given the longterm medical consequences involved. 16 Studies were excluded if adult patients were included in the study sample or if the patient population was not clearly described (eg, "chronically ill patients"). Studies that were not available in full text or were published in a language other than English or Dutch also were excluded.
Data Extraction and Quality Assessment
The extraction and assessment consisted of several steps. First, the testing procedures of the 6MWT were evaluated and compared with conventional guidelines. Second, the methodological quality of the studies was assessed. Third, the quality of the measurement properties of the 6MWT was evaluated. Ultimately, a best evidence synthesis was performed, taking both the methodological quality of the studies and the quality of the measurement properties into account. The Six-Minute Walk Test in Chronic Pediatric Conditions COSMIN checklist is a standardized tool for assessing the methodological quality of studies on measurement properties and is designed to evaluate health-related patient-reported outcomes, but also can be used to evaluate measurement properties of other outcome measures.
Comparison
The COSMIN checklist is a modular tool and contains 12 boxes: 10 boxes can be used to assess the methodological quality of studies on measurement properties, and 2 boxes contain general requirements (refer to the COSMIN checklist 18 for a description of the alphabetic labeling of boxes). Seven boxes on methodological quality were used to assess the quality of the studies regarding reliability, measurement error, content validity, hypothesis testing, cross-cultural validity, criterion validity, and responsiveness. The measurement properties "internal consistency" and "structural validity" were considered not relevant for a physical performance instrument such as the 6MWT. The box "Interpretability" did not generate additional information and was excluded from analysis. The box "Generalizability" was used to evaluate general requirements: (1) whether the studies adequately described their samples in terms of age, sex, disease characteristics, setting, country, and language, and (2) whether they used adequate selection procedures and acceptable missing response rates were applied. The box "Item Response Theory" was not applicable for the studies on the evaluation of the 6MWT.
The items of each box were rated with a 4-point scoring system; excellent, good, fair, and poor. In line with the COSMIN checklist guidelines, a quality score per measurement property was obtained by taking the lowest rating of any item in a box ("worst score counts"). 19 In every box, there is 1 item that concerns the sample size requirements. The minimal requirements for an adequate sample size (Nϭ30) as stated by the COSMIN guidelines, however, were originally developed for questionnaires and do not necessarily apply to clinimetric studies on performance measures such as the 6MWT. Clinimetric studies on performance measures tend to generate larger effect sizes and, therefore, may be appropriately evaluated using smaller sample sizes. Therefore, sample size requirements were omitted from the scoring procedure and taken into account in the best evidence synthesis instead.
Assessment of the quality criteria of the measurement properties (Tab. 2). One reviewer (B.B.) evaluated the quality of the measurement properties of the 6MWT using conventional quality criteria. The possible ratings for a measurement property were "positive," "indeterminate," and "negative." 20
Best evidence synthesis (Tab. 3).
A best evidence synthesis was performed for each patient group and based on the methodological quality 
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of the studies and the quality of the measurement properties. 21 Only studies with fair, good, or excellent methodological quality or generalizability were included. Separate studies on measurement properties of the same patient group were pooled. The level of evidence for each patient group was subsequently rated as "strong," "moderate," "limited," "conflicting," or "unknown."
The level of evidence provided by small sample size studies (nϽ30) without formal power analysis was reduced to limited evidence.
Results

Included Studies
Twenty-two studies matched the inclusion criteria and were included in the systematic review ( Figure) . The reference checking of the included studies did not generate additional relevant studies. Reproducibility and validity of the 6MWT were evaluated in the following 11 patient groups: cystic fibrosis (nϭ4), 22 Tables 3 and 4 . The level of evidence in the studies on children with Duchenne muscular dystrophy and spina bifida was reduced to limited because of their small sample sizes.
Box B: Best Evidence Synthesis of Reliability
Strong evidence was available for a positive reliability of the 6MWT in children with cerebral palsy, moderate evidence was available for a positive reliability in children with cystic fibrosis and obesity, and limited evidence was available for a positive reliability in children with Duchenne muscular dystrophy and spina bifida.
Measurement error (Tab. 4).
Measurement error was evaluated in 8 studies (see Box C: Best Evidence Synthesis of Measurement Error). The methodological quality of the studies on children with cystic fibrosis was rated fair 25 and poor. 23 The quality of the studies on children with cerebral palsy was rated excellent 27 and fair. 26 The quality of the studies on children with spina bifida 35 and obesity 31 was rated good. The quality of the studies on children with congenital heart disease 39 and Duchenne muscular dystrophy 38 was rated fair and poor. Main methodological flaws were limited to incorrect calculation of the LoA in 1 study. 38 Consequently, LoA was recalculated based on the data presented. Limits of agreement were determined in 7 studies and varied from Ϫ133 m to 101 m in children with cystic fibrosis 25 and from Ϫ14 m to 12 m in children with congenital heart disease. 39 Three studies determined the SDC, 27,31 which varied between 36 m in children with spina bifida and 68 m in children with obesity. 31 It was not possible to qualify the amount of measurement error because none of the studies reported an MIC. Consequently, all 8 studies received an "indeterminate" quality rating for measurement error. One study 23 was excluded from best evidence synthesis because of inadequate description of study sample and thus is not included in Tables 3  and 4 . Figure. 
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Box C: Best Evidence Synthesis of Measurement Error
Knowledge was available about measurement error parameters in children with cystic fibrosis, spina bifida, cerebral palsy, Duchenne muscular dystrophy, congenital heart disease, and obesity. However, the level of evidence remained unclear according to COSMIN guidelines because no information was available regarding the MIC.
Hypothesis testing (validity) (Tab. 5).
Hypothesis testing was performed in 14 studies (see Box F: Best Evidence Synthesis of Hypothesis Testing), convergent validity was assessed in 7 studies, and discriminative validity was assessed in 8 studies. The methodological quality of the studies regarding children with obesity was rated fair 29,30 and poor. 31, 32 The quality of the studies on children with cystic fibrosis was rated fair 22 and poor. 25 The quality of the studies on children with Duchenne muscular dystrophy, 38 pulmonary hypertension, 42 juvenile idiopathic arthritis, 33 and end-stage renal disease 43 was rated fair. The quality of the studies on children with cerebral palsy, 28 congenital heart dis- Criterion validity (validity) (Tab. 5). Criterion validity was evaluated in 8 studies (see Box H: Best Evidence Synthesis of Criterion Validity). In all of the studies, the 6MWT was compared with peak oxygen uptake (VO 2 peak) using an incremental cycle ergometer test, 6 studies used a maximal protocol to ensure true VO 2 peak, and 2 studies predicted VO 2 peak based on a submaximal protocol. The methodological quality of the studies on children with cystic fibrosis, 22 congenital heart disease, 39 pulmonary hypertension, 42 and end-stage renal disease 43 was rated excellent. The quality of the studies on children with obesity was rated fair 31 and poor. 29 The quality of the studies on children with juvenile idiopathic arthritis was rated fair. 33, 34 Main methodological flaws included bias related to magnitude of the scores. 29 High significant correlations between the 6MWD and VO 2 peak were found in children Table 5 . Tables 3 and 5 . The level of evidence in the studies on children with cystic fibrosis, congenital heart disease, and end-stage renal disease was reduced to limited because of the small sample sizes.
Box H: Best Evidence Synthesis of Criterion Validity
There was strong evidence for poor criterion validity of the 6MWT in children with pulmonary hypertension. Moderate evidence was available for poor criterion validity in children with juvenile idiopathic arthritis. There was limited evidence for: (1) good criterion validity in children with cystic fibrosis and congenital heart disease and (2) poor criterion validity in children with obesity and end-stage renal disease.
Responsiveness (Tab. 5).
Responsiveness was evaluated in 2 studies, both including children with Duchenne muscular dystrophy (see Box I: Best Evidence Synthesis of Responsiveness). The methodological quality of the studies was rated fair 36 and poor. 37 Main methodological flaws included the absence of predefined hypotheses about change scores, 36,37 absence of a comparator instrument, 37 and inadequate description of the interim period. 36,37 In 1 study, 36 a moderate correlation was found between change scores on the 6MWT and another functional walking test (rϭ.52, PϽ.001). One study 37 was excluded from best evidence synthesis because of methodological flaws and thus is not included in Tables 3 and 5 .
Box I: Best Evidence Synthesis of Responsiveness
Limited evidence was available for a positive responsiveness of the 6MWT in children with Duchenne muscular dystrophy.
Discussion
Twenty-two studies were evaluated on both methodological quality and quality criteria of the measurement properties of the 6MWT in chronic pediatric conditions. Seven studies showed poor methodological quality or poor generalizability and were excluded from best evidence synthesis. The best evidence synthesis of the 15 included studies provides an overview of the current body of knowledge about the measurement properties of the 6MWT in chronic pediatric conditions.
Methodological Considerations
The methodological quality of the studies varied between poor and excellent. Notably, the studies on hypothesis testing received remarkably low ratings on methodological quality. These low ratings were due mainly to the fact that few studies formulated clearly defined hypotheses. Without specific hypotheses on expected mean differences between known groups or expected correlations with other variables, it remains unclear whether the results reflect the construct to be measured and only little can be said about the validity of the 6MWT. 44 The importance of a clear statement on expected correlations in the assessment of validity of the 6MWT is even more important if we consider that the construct to be measured with the 6MWT in a given population is not clearly described in most of the studies. Moreover, the particular construct of the 6MWT in each case seems to depend largely on both the origin and severity of the functional limitations. The 6MWT reflects maximal exercise capacity in pediatric patients with moderate to severe pulmonary and cardiovascular conditions such as cystic fibrosis, 22 congenital heart disease, 39 and severe pulmonary hypertension, 42 but submaximal exercise capacity in other chronic conditions. 31, 33, 34 This finding is in accordance with a prior study regarding the adult population. 45 Jehn et al 45 showed that the 6MWT reflects a maximum exercise response in patients with advanced heart failure, whereas it only constitutes a submaximal exercise test in patients with mild heart failure and no functional limitations. Given the fact that the construct of the 6MWT depends on both the patient population and the disease severity, it seems no longer justified to label the 6MWT as a submaximal functional outcome measure before a proper validity assessment on the target population is performed, including both patients who are mildly and severely affected.
Evaluative Properties of the 6MWT (Reliability and Measurement Error)
The reproducibility of an instrument reflects both reliability and measurement error parameters. Whereas the first parameter refers to the ability to distinguish among individuals and is mostly important when used for discriminative purposes, the latter parameter refers to the ability of the instrument to detect relevant changes and is more suitable for evaluative purposes. The present systematic review provides sufficient evidence that the 6MWT is capable of distinguishing not only between children with chronic conditions and their peers who are healthy but also within patient populations. Although the measurement error for several subgroups has been
The Six-Minute Walk Test in Chronic Pediatric Conditions determined, the evaluative value of the 6MWT remains unclear. All studies on measurement error received an "indeterminate" rating because none of them calculated or reported an MIC. This rating seems rather strict considering that the measurement error of the 6MWT has been defined in various patient groups. However, these parameters can be qualified only in relation to the MIC. Without knowledge about the MIC, it is difficult to interpret the observed changes and determine the success of an intervention. The MIC of the 6MWT has been investigated in recent clinimetric studies on adult patients with chronic conditions, resulting in an MIC of 24 to 45 m. 46, 47 Future studies on the 6MWT in the pediatric population should follow this initiative and include the assessment of the MIC in their clinimetric evaluation of the 6MWT.
Sample Size
The sample size in most of the included studies was small. In general, small sample sizes lead to reduction of power and hinder the ability to generalize the results to the reference population. 48 However, the required sample size to generate sufficient power in a study is not fixed but can be calculated based on the effect size and the significance criterion. Regrettably, none of the studies reported a power analysis; therefore, it remained unclear whether the sample sizes were adequate. In the best evidence synthesis, studies on the same patient group with sufficient methodological quality were pooled to increase sample size and extend the level of evidence. A formal meta-analysis with the COSMIN, which might increase power sufficiently to detect important differences, was not possible. The use of this technique in systematic reviews evaluated with the COSMIN is under development.
Test Procedures
There was a large variation in test procedures among the included studies, and only 1 study followed all ATS guidelines. These differences in length of the walking course, 49 
Limitations of the Review
A specific checklist to evaluate the methodological quality of clinimetric studies regarding performance measures was not available. The COSMIN was originally developed for healthrelated, patient-reported outcome measures, such as questionnaires. Therefore, the validity and reliability of the COSMIN itself, as a tool for assessing the methodological quality of studies examining performance tests such as the 6MWT, can be questioned. The boxes, internal consistency, and structural validity turned out to be irrelevant in the methodological assessment of the studies on the 6MWT, and several items such as "highest and lowest possible scores" were scored as not applicable. Nonetheless, in the absence of a specific measure specifically designed to evaluate clinimetric studies, the COSMIN seems to be a good alternative tool for gaining more insight into the methodological quality of studies on performance tests, in addition to serving as a useful checklist for establishing methodologically proper research protocols for clinimetric studies.
Studies that were not available in full text or were published in a language other than English or Dutch were excluded. As a result, some information on the measurement properties of the 6MWT might have been missed that could have increased the level of evidence for specific populations.
Clinical Implications
Clinicians can use the results of this study to support their diagnostic process and evaluation of interventions in children with chronic conditions. The best evidence synthesis provides a clear overview of the current knowledge of the reliability and validity of the 6MWT in specific chronic conditions and can guide clinicians in their decision of whether to use the 6MWT and in interpreting the outcome. If a clinician, for example, wants to evaluate physical fitness in a child with juvenile idiopathic arthritis, he or she might consider the 6MWT. The best evidence synthesis of studies of juvenile idiopathic arthritis, however, shows that the 6MWT is likely to be a poor indicator for aerobic capacity and 
Conclusions
Evidence for measurement properties of the 6MWT varies greatly among chronic pediatric conditions. Further research is needed in all patient groups to explore the ability of the 6MWT to measure significant and clinically important changes. Until further research is conducted, changes measured with the 6MWT should be interpreted with caution and attention should be paid to whether it is a meaningful change for the individual patient. Future studies toward consensus regarding modified test procedures in the pediatric population are recommended.
